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(54) Plasma display unit 



(57) A frame time-sharing type plasma display unit, 
in which a display frame for one screen is constituted by 
a plurality of sub-frames, and in which the luminance of 
the respective sub-frames is determined by a sustaining 
pulse number, comprises: a frame length calculation cir- 
cuit (1 2) for calculating the length of one frame from the 
length of one cycle of a vertical synchronization signal; 
a sub-frame condition determination circuit (22) for 
determining from the length of one frame the number of 
sub-frames, the luminance of the sub-frame and a total 
sustaining pulse number; a load factor calculation circuit 
(11) for calculating a load factor, which is a ratio of a 
number of display cells that are illuminated to a total 
number of display cells, from an external input signal; a 
luminance factor calculation circuit (23) for determining 
a maximum display luminance from the consumed 
power and calculating a luminance factor; and a sus- 
taining pulse number calculation circuit (24) for correct- 
ing the luminance drop due to load from the total 
sustaining pulse number, the luminance ratio and the 
load factor for the respective sub-frame and calculating 
sustaining pulse numbers for the respective sub- 
frames. The use of a luminance table is thereby 
avoided. 



F ig.6 



EXTERNAL 
INPUT 
SIGNAL 



IHPUT DATA 

i 



DATA CONVERTED 



ONE FRAME 
LENGTH 



M2 



ARITHMETIC UNIT 
ISUB-FRAHE CONDITION 
I DETERMINATION CIRCUIT 



15/ 



SUSTAINING PULSE NUMBER 
CALCULATION CIRCUIT 
| LOAD VARIATION 
> JUtSEHENT CIBOJIT 



CURRENT 

DETECTION 

CIRCUIT 



ST tflMBER 
LUMINANCE 
RATIO 



SUS NUMBERS OF 
RESPECTIVE SF 



SCAN CONTROLLER 



TABLE FOR 
DRIVIKC 



■T7 



Printed by Xerox (UK) Business Services 
2.16.7 (HR5J/3.6 



1 



EP 1 065 645 A2 



2 



Description 

[0001] The present invention relates to a display 
unit (hereinafter, referred to as a plasma display unit 
(PDP unit)) using a plasma display panel (hereinafter, 
referred to as a PDP), and more particularly to a plasma 
display unit for displaying gradation by making the dis- 
play luminescence time different by weighting every 
sub-frame. 

[0002] In recent years, in display units, there have 
been growing demands for thinner units, increases of 
varieties of information to be displayed and installation 
conditions, larger screens and better resolution, and 
display units are required which can meet these 
demands. PDP units are display units which can handle 
these demands, in the PDP units, when displaying gra- 
dation, in general, a display frame is constituted by a 
plurality of sub-frames, the respective sub-frame peri- 
ods are weighted so that they are differentiated, and the 
respective bits of gradation data are displayed by the 
corresponding sub-frames. 

[0003] The PDP has a memory effect, and each cell 
is set for a state conforming to the display data. Lumi- 
nescence for display (display luminescence) is effected 
by application of an AC voltage. As will be described 
later, this display luminescence intensity is varied by the 
number of the cells which are illuminated, and there is a 
problem in that the luminance ratio between the sub- 
frames deviates. In addition, consumed current and 
power also vary in accordance with the number of the 
cells which are illuminated. It is desirable to solve the 
problem entailed by the variation in display. 
[0004] Regarding PDP types, there are two-elec- 
trode type PDPs in which selected discharge (address 
discharge) and maintained discharge (discharge for dis- 
play luminescence) are carried out with two electrodes 
and a three-electrode type PDP in which a third elec- 
trode is used to carry out address discharge. Three- 
electrode type PDP units are disclosed in Japanese 
Unexamined Patent Publication (Kokai) Nos. 7-140928 
and 9-185343, and therefore, a detailed description 
thereof will be omitted here and only the basic construc- 
tion and operation thereof will be briefly described 
below. 

[0005] Fig. 1 of the accompanying drawings shows 
the basic construction of the three-electrode type PDP 
units. As shown therein, connected to a plasma display 
panel (PDP) 1 are an address driver 2 for outputting a 
signal to be applied to an address electrode, a Y scan 
driver 3 for outputting a signal to be applied to a scan 
electrode (Y electrode), an X common driver 4 for out- 
putting a signal to be applied to a common sustaining 
discharge electrode (X electrode), and a Y common 
driver 5 for outputting a sustaining discharge signal to 
be applied to the Y electrode via the Y scan driver 3. A 
control circuit 6 has a display data control part 7 for gen- 
erating from a display data inputted from the outside a 
display data signal to be outputted to the address driver 



2 and a panel driving control part 8 for outputting a sig- 
nal other than the display data which is related to the 
driving of the panel. The panel driving control part 8 has 
a scan driver control part 9 for generating a control sig- 
5 nal which is related to a scan to be outputted to the Y 
scan driver 3 and a common driver control part 10 for 
generating a control signal related to the sustaining dis- 
charge. 

[0006] Fig. 2 of the accompanying drawings shows 
10 a frame construction for carrying out a 32-gradation dis- 
play. 

[0007] A gradation display in the PDP unit is gener- 
ally carried out by making each bit of the display data 
correspond to the sub-frame time and changing the 

15 length of the sub-frame period in accordance with the 
weighting of the bits. For instance, when the 32-grada- 
tion display is carried out, the display data is repre- 
sented by five bits, the display of one frame is 
constituted by five sub-frames SF1 to SF5, and the dis- 

20 play of the respective bit data is carried out within the 
respective sub-frame periods. In reality, in order to con- 
trol timings, there are provided rest periods when no 
operation is performed. 

[0008] The respective sub-frames SF1 to SF5 are 

25 constituted by a reset period when all display cells of the 
panel are put in a uniform state, an addressing period 
when wall electric charges corresponding to display 
data are accumulated in display cells, and a sustaining 
period when a discharge for display is carried out by the 

30 display cells in which wall electric charges are accumu- 
lated by applying a sustaining discharge signal. As 
shown in Fig. 2, the lengths of the reset period and the 
addressing period are the same over the respective 
sub-frames, but the sustaining period is different. The 

35 lengths of the reset period and the address period of the 
respective sub-frames are identical. As described 
above, when the 32-gradation display is carried out, in 
general, the ratio between the lengths of the sustaining 
discharge periods becomes 1:2:4:8:16. The differences 

40 in luminance of 32 gradations from 0 to 31 can be dis- 
played by selecting a combination of sub-frames to be 
illuminated in each display cell. 

[0009] Fig. 3 of the accompanying drawings is a 
block diagram showing a schematic construction of a 

45 part related to the control circuit 6. Of the external input 
signals, the display data inputted into a data converter 
1 1 and a vertical synchronization signal (VSYNC) is 
inputted into a frame counter 12. The display data that 
is supplied from the outside generally takes a format in 

so which gradation data of respective pixels are continu- 
ous, and they cannot be converted into the format of the 
sub-frames as they are. Then, to cope with this, the data 
converter 1 1 temporarily stores the display data in the 
frame memory and then converts it into a format for the 

55 address data to be outputted to the address driver 2. 
Furthermore, the data converter calculates for a load 
factor, which will be described later. 
[0010] The frame counter 12 detects the length of 
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one frame (frame length) from the vertical synchroniza- 
tion signal. There are various types of signals that are 
inputted from the outside, and it is generally true that 
PDP units are designed to deal with those signals by 
changing the control timing based on the frame length 
detected by the frame counter 12. The number of sub- 
frames (SF number) and the luminance ratio thereof are 
stored in a driving table 17 for a memory (ROM) 16 in 
accordance with the frame length. An arithmetic unit 13 
calculates an address CASE of the memory 1 6 in which 
corresponding information is stored based on the frame 
length, applies the CASE so calculated on the memory 
1 6 via a scan controller 1 5 and determines a SF number 
and a luminance ratio corresponding to the frame 
length. 

[0011] The arithmetic unit 13 decreases a time 
required for the reset period and the addressing period 
from the SF number, calculates a sustaining discharge 
period in one frame and calculates a total sustaining 
pulse number for one frame from the sustaining dis- 
charge period and one predetermined sustaining pulse 
cycle. Sustaining pulse numbers of the respective sub- 
frames are stored in a luminance table 19 of a memory 
(ROM) 18 in accordance with the total sustaining pulse 
number and the luminance ratio. The arithmetic unit 13 
calculates from the total sustaining pulse number an 
address MCB of the memory 18 in which corresponding 
information is stored, applies the address MCB so cal- 
culated together with the luminance ratio on the mem- 
ory 1 8 and determines sustaining pulse numbers for the 
respective sub-frames. Conventionally, the sustaining 
numbers of the respective sub-frames are determined 
for control. Fig. 4 shows an example of the luminance 
table 19. 

[0012] Next, the load factor and the consumed 
power will be described. The effective brightness of the 
display by the respective sub-frames is determined by 
the luminance and period of the sustaining discharge. 
The sustaining discharge periods of the respective sub- 
frames have a predetermined ratio (luminance ratio) 
and, if the number (display load) of display cells that are 
illuminated at the respective sub-frames is identical, the 
luminance by the sustaining discharge becomes identi- 
cal, and the brightness of display has a predetermined 
ratio which is identical to the ratio of the sustaining dis- 
charge period. However, the currents supplied to the X 
electrode and Y electrode become different in response 
to the number of display cells which are illuminated 
simultaneously, and when current values are different, 
there is caused a voltage drop, due to distribution resist- 
ance, this resulting in a different luminescence intensity 
(luminance) even if sustaining discharges are identical. 
Specifically speaking, if there are a number of display 
cells to be illuminated, in other words, when the load 
factor is large, the luminance becomes low, while if 
there are few display cells to be illuminated, in other 
words, when the load factor is small, the luminance 
becomes high. Due to this, when the load factor 



becomes different among the respective sub-frames, 
there is caused a difference between a luminance ratio 
that is actually obtained and a preset luminance ratio, 
the gradation which is displayed by a combination of the 

5 sub-frames cannot be displayed accurately, and in a 
worse case, there is caused a problem that there occurs 
an inversion in brightness between gradations. 
[0013] With a view to solving the aforesaid problem, 
in the above-described invention disclosed in Japanese 
w Unexamined Patent (Kokai) Publication No. 9-1 85343, a 
plurality of sustaining pulse numbers, that will result in a 
predetermined luminance, are stored for the respective 
sub-frames in accordance with the load factors, and the 
sustaining pulse number is determined by the sustain- 
15 ing pulse numbers in accordance with the load factors 
calculated by the data converter 1 1, whereby the lumi- 
nance ratios of the respective sub-frames are main- 
tained constant irrespective of load factors. 
[0014] The large power consumption by the PDP 

20 unit is related to sustaining discharge. As described 
above, the currents supplied to the X electrode and Y 
electrode during a sustaining discharge depend on the 
number of display cells that are illuminated. Therefore, a 
value is related to the consumed power which is 

25 obtained by multiplying the load factors of the respective 
sub-frames by the length of sustaining discharge period 
thereof. In the PDP unit, the upper limit is provided for 
the consumed power (current), and a display is required 
which is as bright as possible within the range. To cope 

30 with this, the consumed power is detected, and if the 
consumed power does not exceed the upper limit, the 
total sustaining pulse number is increased to as high as 
possible within the range. Due to this, for example, if the 
display is bright, although the number of display cells 

35 that are illuminated is increased, the total sustaining 
pulse number is decreased, and therefore the con- 
sumed power falls within the range. On the contrary, if 
the display is not bright, the number of display cells that 
are illuminated is decreased and therefore the total sus- 

40 taining pulse number is increased. Thus, the actual dis- 
play does not become too dark, and the decrease in 
consumed power is not large. Even with a display like 
this, no feeling of physical disorder is felt by all user. 
[0015] A current detection circuit 14 shown in Fig. 3 

45 is a circuit for detecting current flowing into the unit, and 
the consumed power is calculated from the detected 
current and the consumed power so calculated is then 
outputted to the arithmetic unit 13. The arithmetic unit 
13 corrects the sustaining pulse numbers of the respec- 

50 tive sub-frames read out of the luminance table 19 in 
accordance with the consumed power and outputs cor- 
rected sustaining pulse numbers for the respective sub- 
frames to the scan controller 15. The scan controller 15 
outputs signals for controlling the X common driver 4 

55 and Y common driver 5 such that sustaining discharge 
can be carried out the number of times corresponding to 
the corrected sustaining pulse number during the sus- 
taining discharge period for the respective sub-frames. 
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[0016] As described above, the consumed power 
depends on the number of display cells that are illumi- 
nated. Therefore, the consumed power corresponds to 
a weighted mean value resulting from average weight- 
ing of the load factors of the respective sub-frames 5 
depending on the length of the sustaining discharge 
period thereof. Consequently, instead of detecting cur- 
rent directly flowing into the unit, a weighted mean value 
resulting from average weighting of the load factors of 
the respective sub-frames depending on the length of 10 
the sustaining discharge period thereof is sometimes 
calculated for estimation of the consumed power, and 
the above-mentioned correction is carried out based on 
the estimated consumed power. 

[0017] As shown in Fig. 3, the relationship between 15 
the total sustaining pulse number and the sustaining 
pulse numbers of the respective sub-frames is stored in 
advance in the luminance table 19 of the memory 18, 
and the aforesaid correction in response to the con- 
sumed power is carried out for the sustaining pulse 20 
numbers of the respective sub -frames read out of the 
luminance table 1 9. This causes a problem that a large- 
scale memory (ROM) is required in order to prepare an 
accurate luminance table. 

[0018] In addition, the values stored in the lumi- 25 
nance table 19 are, as shown in Fig. 4 of the accompa- 
nying drawings, positive integers, and values below the 
decimal point are rounded to the nearest whole number. 
Due to this, stored values include round-off errors. 
When the aforesaid correction is carried out for the sus- 30 
taining pulse number, there is caused a problem that the 
error is increased and the predetermined luminance 
cannot be obtained. Of course, it is possible to conceive 
of expanding the capacity of the memory 18 so as to 
make the luminance table 1 9 more accurate, but in this 35 
case, too, there occurs a problem that a memory 18 of 
large capacity has to be used. 

[0019] In addition, in the conventional PDP unit, the 
load factors of the respective sub-frames are calculated 
for each frame so as to determine corresponding sus- 40 
taining pulse numbers for the respective sub-frames. In 
addition, corrections are carried out by the consumed 
power, and the sustaining discharge is controlled with 
the corrected sustaining pulse numbers so obtained. 
Due to this, there is caused a problem that the sustain- 45 
ing pulse numbers of the respective sub-frames vary for 
each frame and this causing flickering. 
[0020] Fig. 5 of the accompanying drawings is a 
graph showing variations in the toad factor during dis- 
play. As shown in the Figure, small variations in load 50 
factor are found in ranges surrounded by a dotted line. 
For a variation into the different range, it is needless to 
say that corrections are needed in accordance with the 
luminance ratio and consumed power of the sub-frame 
but, in the conventional PDP unit, corrections were car- 55 
ried out even in the ranges surrounded by the dotted 
line, and this caused flickering. 

[0021] Accordingly, it is desirable to realize a PDP 



unit which does not need a memory for storing a lumi- 
nance table so as to simplify the construction thereof, 
which can perform more accurate operations so as to 
improve the display quality and can provide a stable dis- 
play without flickering. 

[0022] According to a plasma display unit embody- 
ing the present invention, the sustaining pulse numbers 
of respective sub-frames are determined through an 
operation using a total sustaining pulse number, a lumi- 
nance ratio, a load factor and the consumed power 
rather than using a luminance table. 
[0023] In other words, there is provided a frame 
time-sharing type plasma display unit in which a display 
frame for one screen is constituted by a plurality of sub- 
frames, and in which the luminance of the respective 
sub-frames is determined by a sustaining pulse number, 
the plasma display unit comprising a frame length cal- 
culation circuit for calculating the length of one frame 
from the length of one cycle of a vertical synchroniza- 
tion signal, a sub-frame condition determination circuit 
for determining, from the length of one frame, the 
number of sub-frames, the luminance of the sub-frame 
and a total sustaining pulse number, a load factor calcu- 
lation circuit for calculating a load factor, which is a ratio 
of a number of display cells that are illuminated to a total 
number of display cells, from an external input signal, a 
luminance factor calculation circuit for determining a 
maximum display luminance from the consumed power 
and calculating a luminance factor and a sustaining 
pulse number calculation circuit for correcting the lumi- 
nance drop due to load from the total sustaining pulse 
number, the luminance ratio and the load factor for the 
respective sub-frame and operating sustaining pulse 
numbers for the respective sub-frames. 
[0024] Thus, in an embodiment of the present 
invention, the luminance table can be removed and the 
influence of round-off errors can be reduced. 
[0025] Reference will now be made, by way of 
example, to the accompanying drawings, in which: 

Fig. 1 (described above) is a block diagram showing 
the construction of a PDP (plasma display panel) 
unit, 

Fig. 2 (described above) is a diagram showing the 
construction of sub-frames for gradation display in 
the PDP unit, 

Fig. 3 (described above) is a diagram showing the 
schematic construction of a control circuit of a con- 
ventional PDP unit, 

Fig. 4 (described above) is a diagram showing a 
luminance table for use in the conventional exam- 
ple, 

Fig. 5 (described above) is a graph showing varia- 
tions in load factor, 

Fig. 6 is a diagram showing the construction of a 
control circuit of a PDP unit according to an embod- 
iment of the present invention, 
Fig. 7 is a flow chart showing a calculating process 
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of sustaining pulse numbers for the respective sub- 
frames in the embodiment, 

Fig. 8 is a flow chart showing an calculating process 
of a luminance factor p, 

Fig. 9 is a flow chart showing a modified example of 5 
the calculating process of the luminance factor p, 
Fig. 10 is a flow chart showing another modified 
example of calculating process of the luminance 
factor p, and 

Fig. 1 1 is a flow chart showing another modified w 
example of the calculating process of the lumi- 
nance factor p. 

[0026] A PDP unit embodying the present invention 
has a construction such as shown in Fig. 1 , and is differ- 75 
ent from a conventional unit only in part of a control cir- 
cuit 6. 

[0027] Fig. 6 is a block diagram showing the sche- 
matic construction of the control circuit 6 according to 
the embodiment of the present invention, and this Fig- 20 
ure corresponds to Fig. 3. As is clear when compared 
with Fig. 3, the control circuit 6 of the embodiment is dif- 
ferent from the conventional example in that the mem- 
ory 18 storing the luminance table 19 is removed and 
• that sustaining pulse numbers of respective sub-frames 25 
are calculated by an arithmetic unit 21. The arithmetic 
unit 21 includes a sub-frame condition determination 
circuit 22, a luminance factor calculation circuit 22 and a 
sustaining pulse number calculation circuit 24. The sub- 
frame condition determination circuit 22 performs sub- 30 
stantially the same processes as those done in the prior 
art. The circuits in the arithmetic unit 21 are realized by 
hardware or software. 

[0028] The luminance factor calculation circuit 23 
comprises a consumed power calculating circuit for cal- 35 
culating the estimated consumed power from the load 
factor to thereby determine a maximum display lumi- 
nance in accordance with the consumed power and cal- 
culate a luminance factor. In this case, the load factor 
calculating circuit calculates the load factor for the 40 
respective sub-frames and the arithmetic unit 21 com- 
prises a weighted mean load factor calculating circuit for 
calculating the weighted mean load factor from the load 
factors and luminance ratios for the respective sub- 
frames, the weighted mean load factor being regarded 45 
as the load factor. 

[0029] The sustaining pulse number calculation cir- 
cuit 24 comprises a load factor memory for storing load 
factors, and a load factor variation calculating circuit 25 
for calculating a difference between the calculated load 50 
factor and the load factor of the previous frame stored in 
the load factor memory, wherein when the difference 
does not exceed a predetermined threshold value, the 
sustaining pulse numbers of the respective sub-frames 
are not calculated and the sustaining pulse numbers of 55 
respective sub-frames in a previous frame are outputted 
as sustaining pulse numbers for the sub-frames of the 
current frame, while the difference exceeds the prede- 



termined threshold value, calculated sustaining pulse 
numbers for the respective sub-frames are outputted. 
[0030] With this construction, in a case where the 
variation in load factor is small, since the sustaining 
pulse numbers of the respective sub-frames do not 
change, a stable display free from flickers can thus be 
provided. 

[0031] The luminance factor calculation circuit 23 
does not estimate the consumed power from the load 
factor as described above, but comprises a consumed 
power calculation circuit for detecting the consumed 
power of the unit and calculating the consumed power 
from a value so detected and a comparison circuit for 
comparing the consumed power with a preset reference 
power, wherein when the consumed power exceeds the 
reference power, the luminance factor is. decreased, 
while the consumed power does not exceed the refer- 
ence power, the luminance factor is increased. 
[0032] In this case, too, it may be constructed such 
that when the variation is small as with the previous 
case, the sustaining pulse numbers are maintained, and 
only when the variation is large, the previous sustaining 
pulse numbers are revised to the corrected sustaining 
pulse numbers. 

[0033] Fig. 7 is a flow chart showing calculation and 
correction processes of the sustaining pulse numbers of 
the respective sub-frames carried out by the control cir- 
cuit 6. Referring to Fig. 7, the processes performed by 
the control circuit 6 will be described below. 
[0034] In Step 101, as with the conventional exam- 
ple, a frame counter 12 detects the length of one frame 
(frame length) Tv from a vertical synchronization signal. 
In Step 102, the subframe condition determination cir- 
cuit 22 of the arithmetic unit 21 calculates based on the 
frame length Tv an address CASE of a memory 16 in 
which corresponding information is stored, applies a 
CASE so calculated on the memory 16 via a scan con- 
troller 15 and determines an SF number (SFNUM) cor- 
responding to the frame length Tv stored in a driving 
table 17 and luminance ratios (WSFi) of the respective 
sub-frames. 

[0035] In Step 103, the subframe condition determi- 
nation circuit 22 of the arithmetic unit 21 calculates a 
time DVT==SFNUMx(RT+AT) required by other than a 
sustaining discharge period (luminance display period) 
from SFNUM and times required for driving the PDP 
such as preset reset period (RT) and address period 
(AT). A time ST=Tv- DVT for use for the sustaining dis- 
charge period is calculated from a difference between 
Tv and DVT. Furthermore, a total sustaining pulse 
number NSUSmax=ST/SPT is calculated from one 
sustaining pulse cycle SPT which is preset. 
[0036] In Step 104, reads in load factors Dli of 
the respective sub-frames calculated by data 
converter 11 is read. In Step 105, the arith- 
metic unit 21 calculates a weighted mean load factor 
MWDL(t)=£(DlixWSFi)/LWSFi from the load factors 
Dli and the luminance ratios WSfi of the respective sub- 
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frames. The weighted mean load factors so calculated 
are then stored. 

[0037] In Step 1 06, the luminance factor calculation 
circuit 23 calculates a P process as shown in Fig. 8. In 
Step 201, an estimated consumed power Pw is calcu- 
lated from the weighted mean load factor MWDL(t). 
According to the specific operating method, for 
instance, the relationship between the load factor and 
the consumed power is investigated in advance, an 
equation for calculating the consumed power from the 
load factor is stored in the arithmetic unit, and a calcula- 
tion is carried out in accordance with the calculating 
equation so stored. In the simplest method, a product of 
power per unit load and the weighted mean load factor 
MWDL(t) is calculated. In Step 202, a luminance factor 
p=Pt/Pw is calculated which is a ratio with a preset ref- 
erence power Pt. 

[0038] In Step 107, the sustaining pulse number 
calculation circuit 24 calculates a load variation value 
ADL=MWDL(t)-MWDL(t-1) from a difference between 
the weighted mean load factor MWDL(M) existing 
when the sustaining pulse numbers were set before 
storage and the MWDL(t) currently calculated. In Step 
108, an absolute value of ADL and a preset threshold 
value ADLth are compared. The calculation and com- 
parison in the Steps 107 and 108 are carried out by the 
load variation judgement circuit 25 in the sustaining 
pulse number calculation circuit 24. 
[0039] In a case where the absolute value ADL is 
small, in Step 109, the sustaining pulse numbers 
CSPi(t-1) of the respective sub-frames of the previous 
frame are regarded as the sustaining pulse numbers 
CSPi(t) of the respective sub-frames of the current 
frame. In a case where the absolute value ADL is large, 
in Step 110, a correction coefficient yi=MWDL(t)/DLi is 
calculated from the calculated weighted mean load fac- 
tor MWDL(t) and the load factor Dli. 
[0040] In Step 111, the sustaining pulse numbers 
CSPi(t)=yixNSUSmaxxpx(WSFi/ZWSFi) are calcu- 
lated from the correction coefficient yi, total sustaining 
pulse number NSUSmax, luminance ratio WSFi, lumi- 
nance factor p. In Step 1 12, a weighted mean load fac- 
tor MWDL(M) to be used in operation for the following 
frame is replaced with MWDL(t) currently calculated. 
[0041] In Step 113, the sustaining pulse numbers 
CSPi(t) calculated as described above are outputted. 
[0042] Through the processes described above, 
when the load factors change moderately or they vary 
slightly, the luminance of the sub-frames does not 
change and flickering can be reduced. For example, in a 
case where the screen is scrolled within the same 
scene, normally, since ADL<2%, if ADLth=3%, the 
change in luminance resulting from correction can be 
suppressed within the same scene. 
[0043] Moreover, the luminance table 1 9 used in the 
conventional construction is no longer used, and there- 
fore the memory can be omitted, in addition, since the 
influence from the round-off errors can be reduced, the 



variation in luminance is reduced, thereby making it 
possible to improve the display quality. 
[0044] In the P process performed in Step 106 
above, the variation in load factor was judged using the 

5 consumed power Pw estimated from the weighted 
mean load factor MWDL(t), but it is possible to use the 
consumed power Pi that is calculated from the con- 
sumed power detected by the current detection circuit 
14 in Fig. 6. Moreover, it is desirable to use both the 

10 consumed power Pw estimated from the weighted 
mean load factor MWDL(t) and the consumed power Pi 
that is calculated from the consumed power detected by 
the current detection circuit 14 and correct them there- 
after. 

15 [0045] Fig. 9 is a flow chart showing such a modi- 
fied example to the p process. 

[0046] In Steps 201 and 202, as with the embodi- 
ment described above, Pw and p are calculated. In Step 

203, an actual consumed power Pi is calculated from 
20 the consumed power detected by the current detection 

circuit 14 for the display of the previous frame. In Step 

204, the calculated consumed power Pi is compared 
with the preset reference power Pt. If Pi is larger, in step 

205, the luminance P factor is decreased, and on the 
25 contrary, if Pi is smaller, in Step 206, the luminance 3 

factor is increased. If Pi=Pt , 3 is outputted as it is. 
[0047] Fig. 1 0 is a flow chart showing another mod- 
ified example to the 3 process. 

[0048] The processes in Steps 201 to 203 are iden- 

30 tical to those shown in Fig. 9. In Step 21 1, a difference 
AP=Pi- Pt between the actual consumed power Pi and 
the preset reference power Pt is calculated. In Step 212, 
AP is compared with a preset threshold value APth, and 
if AP is larger, in Step 213, the luminance p factor is 

35 decreased, and on the contrary, if AP is smaller, in Step 
214, AP is further compared with -APth, and if AP is 
smaller, the luminance 3 factor is increased in Step 215, 
and if AP is smaller, p is maintained as it is. By using the 
luminance factor p thus obtained, when the consumed 

40 power varies slightly, the luminance factor does not 
change, and therefore, flickering can be reduced. 
[0049] Fig. 1 1 is a further modified example of the p 
process. The power supply for the unit is buffered by a 
capacitor or the like, and, for example, in a case where 

45 the consumed power alternately repeats an increase 
and a decrease every frame, according to the process 
shown in Fig. 1 0, the luminance factor p varies every 
frame, and flickering cannot be reduced. With a process 
in Fig. 1 1 , however, such a problem can be solved. 

so [0050] The processes in Steps 201 to 203 and 21 1 
are identical to those in Fig. 10. In Step 221, an inte- 
grated value is calculated by adding APS calculated in 
the current frame to an integrated value of a difference 
APS between Pi for the frames upto the previous one 

55 and Pt. In Step 222, APS is compared with a preset 
threshold value APSth, and if APS is larger, in Step 223, 
the luminance p factor is decreased, and if APS is 
smaller, in Step 224, APS is further compared with - 



6 



11 



EP 1 065 645 A2 



12 



APth, and if APS is smaller, the luminance p factor is 
increased in Step 225, and if APS is smaller, p is main- 
tained as it is. After Steps 223 and 225, APS is reset in 
Step 226. Through these processes APS is averaged in 
a plurality of frames, and only when the averaged one is 
larger, is the luminance p factor changed. With these 
processes, even when the consumed power is repeat- 
edly increased and decreased, there no flickering is 
generated. 

[0051] As has been described heretofore, accord- 
ing to an embodiment of the present invention, irrespec- 
tive of variation in display load as a whole or in the 
respective sub-frames, a PDP unit can be realized in 
which a display of optimum brightness can be effected 
without deterioration in gradation display. 

Claims 

1. A frame-time sharing type plasma display unit in 
which a display frame for one screen is constituted 
by a plurality of sub-frames, and in which the lumi- 
nance of said respective sub-frames is determined 
by a sustaining pulse number, said plasma display 
unit comprising; 

a frame length calculation circuit for calculating 
the length of one frame from the length of one 
cycle of a vertical synchronization signal, 
a sub-frame condition determination circuit for 
determining the number of sub-frames, the 
luminance of said sub-frame and a total sus- 
taining pulse number from the length of said 
one frame, 

a load factor calculation circuit for calculating a 
load factor, which is a ratio of a number of dis- 
play cells that are illuminated to a total number 
of display cells, from an external input signal, 
a luminance factor calculation circuit for deter- 
mining a maximum display luminance from the 
consumed power and calculating a luminance 
factor and 

a sustaining pulse number calculation circuit 
for correcting the luminance drop due to load 
from said total sustaining pulse number, said 
luminance ratio and said load factor for said 
respective sub-frame and calculating sustain- 
ing pulse numbers for said respective sub- 
frames. 



comprises a weighted mean load factor calculating 
circuit for calculating a weighted mean load factor 
from said load factors and said luminance ratios for 
said respective sub-frames, said weighted mean 
5 load factor being outputted as the load factor. 

4. A plasma display unit as set forth in any one of 
claims 1 to 3, wherein 

w said sustaining pulse number calculation circuit 

comprises a load factor memory for storing 
said load factors, and a load factor variation 
calculating circuit for calculating a difference 
between said calculated load factor and a load 

15 factor stored in said load factor memory, 

wherein 

when said difference does not exceed a prede- 
termined threshold value, the sustaining pulse 
numbers of said respective sub-frames are not 

20 calculated and the sustaining pulse numbers of 

respective sub-frames in a previous frame are 
outputted as sustaining pulse numbers for the 
sub-frames of the current frame and, 
when said difference exceeds the predeter- 

25 mined threshold value, the calculated sustain- 

ing pulse numbers for the respective sub- 
frames are outputted. 

5. A plasma display unit as set forth in claim 1, 
30 wherein said luminance factor calculation circuit 

comprises, 

a consumed power calculation circuit for 
detecting a consumed power of the unit and 
35 calculating said consumed power from a value 

so detected, and 

a comparison circuit for comparing said con- 
sumed power with a preset reference power, 
wherein 

40 when said consumed power exceeds said ref- 

erence power, said luminance factor is 
decreased and, when said consumed power 
does not exceed said reference power, said 
luminance factor is increased. 

45 



2. A plasma display unit as set forth in claim 1, so 
wherein said luminance factor calculation circuit 
comprises a consumed power calculating circuit for 
calculating said consumed power estimated from 
said load factor for determining said maximum dis- 
play luminance in accordance with said consumed 55 
power and calculating said luminance factor. 

3. A plasma display unit as set forth in claim 2, further 
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(57) A frame time-sharing type plasma display unit, 
in which a display frame for one screen is constituted by 
a plurality of sub-frames, and in which the luminance of 
the respective sub-frames is determined by a sustaining 
pulse number, comprises: a frame length calculation cir- 
cuit ( 1 2) for calculating the length of one frame from the 
length of one cycle of a vertical synchronization signal; 
a sub-frame condition determination circuit (22) for de- 
termining from the length of one frame the number of 
sub-frames, the luminance of the sub-frame and a total 
sustaining pulse number; a load factorcalculation circuit 
(11) for calculating a load factor, which is a ratio of a 
number of display cells that are illuminated to a total 
number of display cells, from an external input signal; a 
luminance factorcalculation circuit (23) for determining 
a maximum display luminance from the consumed pow- 
er and calculating a luminance factor; and a sustaining 
pulse number calculation circuit (24) for correcting the 
luminance drop due to load from the total sustaining 
pulse number, the luminance ratio and the load factor 
for the respective sub-frame and calculating sustaining 
pulse numbers for the respective sub-frames. The use 
of a luminance table is thereby avoided. 



F ig.6 



ADDRESS DATA 
INPUT DATA | \ 



EXTERNAL { 

INPUT 

SIGNAL 



LOAD 

Factor 



DATA CONVERTER 



VSYHC 



ARITHMETIC UNIT 



. LUMINANCE FACTOR 
1 1 CALCUUTION CIRCUIT 



^2 
CASE 



15/ 
CASE 



LDAP VARIATION 
JUT-CEMENT CIRCUIT 



SF KUHBER 
LUMIHAXCE 
RATIO 



CURREMT 

detect:' 
circut 



lb 



SCAN CONTROLLER 



Printed by Jouve. 75001 PARIS (FR) 



EP 1 065 645 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 00 30 2725 



Category 



A,D 



DOCUMENTS CO NSIDERED TO BE RELEVANT 

Citation of document with indication, where appropriate. 
of relevant passages 



WO 99 30309 A (MORITA T0M0K0 ;ISHIKAWA 
YUICHI (JP); KASAHARA MITSUHIRO (JP) ; 
MATS) 17 June 1999 (1999-06-17) 

* abstract * 

* page 6, line 16 - page 9, line 6 * 

* page 25, line 3 - page 26, line 10 * 

* page 36, line 23 - page 37, line 16; 
figure 11 * 

EP 0 653 740 A (FUJITSU LTD) 
17 May 1995 (1995-05-17) 

* abstract * 

* page 3, line 1 - line 56 * 

* page 7, line 53 - page 9, line 21 * 

* page 10, line 3 - line 25; figures 7-11 



EP 0 841 652 A (FUJITSU LTD) 
13 May 1998 (1998-05-13) 

* abstract * 

* column 2, line 14 - column 3, line 28; 
figures 1-3 * 



Relevant 
to claim 



1-3,5 



1-5 



1-5 



CLASSIFICATION OF THE 
APPLICATION (lnl.CI.7) 



G09G3/28 



TECHNICAL FIELDS 
SEARCHED (lnl.CI.7) 



G09G 



The present search report has been drawn up for all claims 

Place of search 

THE HAGUE 



Dale of comprfeiion of the search 

16 October 2002 



L 



O'Reilly, D 



CATEGORY OF CITED DOCUMENTS 

X : p articular! v relevant if taken atone 

Y : particularly relevant if combined with another 

document ol the same category 
A : technological background 
O . non-written disclosure 
P intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
O : document cited in the application 
L document cited for other reasons 

& : member of the same patent family, corresponding 
document 



2 



J, 

EP 1 065 645 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 00 30 2725 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Olfice EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

16-10-2002 



Patent document 


1 


Publication 




Patent family 


Publication 


cited in search report 


! 


date 


i 
1 


member(s) 


date 


W0 9930309 A 


17 


-06-1999 


JP 


2994630 B2 


27-12-1999 








JP 


11231825 A 


27-G8-1999 








CN 


1246950 T 


08-03-2000 








CN 


1246952 T 


08-03-2000 








EP 


1172791 A2 


16-01-2002 








C D 

hr 




12-12-2001 








EP 


1162593 A2 


12-12-2001 








EP 


1172792 A2 


16-01-2002 








EP 


1162594 A2 


12-12-2001 








EP 


0958572 Al 


24-11-1999 








EP 


0958573 Al 


24-11-1999 








WO 


9930308 Al 


17-06-1999 








WO 


9930309 Al 


17-06-1999 








JP 


2994631 82 


27-12-1999 








jp 


1 1001 on a 

11231833 A 


27-08-1999 








TW 


408292 B 


11-10-2000 








US 


6388678 Bl 


14-05-2002 








US 


6331843 Bl 


18-12-2001 








us 


2001006377 Al 


05-07-2001 








us 


2QO10O6378 Al 


05-07-2001 








us 


20G10O6379 Al 


05-07-2001 








us 


2OG1020938 Al 


13-09-2001 








us 


2001011976 Al 


09-08-2001 








us 


2002036650 Al 


28-03-2002 


EP 0653740 A 


17- 


05-1995 


JP 


2856241 B2 


10-02-1999 








JP 


7140928 A 


02-06-1995 








DE 


69424122 Dl 


31-05-2000 








DE 


69424122 T2 


01-02-2001 








EP 


0653740 A2 


17-05-1995 








EP 


0887785 A2 


30-12-1998 








KR 


9700911 Bl 


21-01-1997 








US 


5943032 A 


24-08-1999 


EP 0841652 A 


13- 


05-1998 


JP 


290G997 B2 


02-06-1999 








JP 


10187084 A 


14-07-1998 








EP 


0841652 Al 


13-05-1998 








US 


6278421 Bl 


21-08-2OO1 



o 

LL. 

o 

fii For more details about this annex : see Official Journal of the huropean Patent Office, No. 1 2M2 



3 



nurrwin- ^ CD 



THIS PAGE BLANK 



